B. Characterizations
The morphology, crystallinity, crystalline nature, and chemical composition of the samples were determined by using a field-emission scanning electron microscope (FESEM, JEOL, JMS-7400F, operating at 10 keV), X-ray diffraction (XRD, Mac Science, M18XHF), a high-resolution scanning transmission electron microscope (Cs corrected HR-STEM, JEOL, JEM-2200FS with an energydispersive X-ray spectrometer, operating at 200 kV), X-ray photoelectron spectroscopy (XPS, VG Scientific, EscaLab 200iXL), Scanning tunneling microscope (STM, Digital Instruments, Nanoscope IIIa) and inductively coupled plasma atomic emission spectroscopy (ICP-AES, Spectro, SPECTRO FRAME MODULA E).
C. Al film characterizations
We characterized the Al deposited Si substrate before a reaction by using field-emission scanning electron microscope (FESEM), Scanning tunneling microscope (STM), X-ray photoelectron spectroscopy (XPS) and inductively coupled plasma atomic emission spectroscopy (ICP-AES).
Fig. S1. STM image of the Al deposited Si substrate before a reaction.
Surface topology was characterized with STM ( Fig. S1 ). The thickness of Al film deposited on the Si wafer is 100 nm ±5 nm (from SEM observations of substrate cross-section view). From XPS, the thickness of native oxide (~1.9 nm) was calculated using the Strohmeier Equation. Quantitative chemical analysis with (ICP-AES) revealed that the composition of Al film before a reaction has values of 98.88at.%: 1.12at%. (Al: O). Native oxides of the metal films consumed in replacement reactions, in which the more reactive component is consumed without any external electron source, have not been significantly considered.
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D. XPS analysis of hexagonal zinc structures
We characterized the products after reaction with an aqueous ammonia solution containing Zn ions at 25 °C for 6 h by using X-ray photoelectron spectroscopy (XPS). Fig. S2 . X-ray photoelectron spectrum in the Zn 2p region of the products after reaction with an aqueous ammonia solution containing Zn ions at 25 °C for 6 h. The HAADF image (Fig. S3) shows that the structure, which was synthesized after reaction with an aqueous ammonia solution containing Zn ions at 25 °C for 20 min, is composed of nanoparticles.
